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Abstract

The opisthobranch order Cephalaspidea is well- recognized as an unnatural, paraphyletic

group characterized by «evolutionary trends» toward reduction and loss of many features. A
survey of 35 key classifications and published phylograms involving cephalaspids revealed a

general lack of morphological definition for the order and the tenacious use of traditional char-

acters. Of 49 frequently- used characters, 44 (90%) are problematic for use in modern phyloge-

netic (cladistic) analyses due to reductive nature, non-homology, incompleteness, or other

grounds. Claims of «rampant parallelism» involving a majority of these characters are based on a

priori decisions and are therefore presently unjustified. The few consistent family groups in

published phylograms are most strongly supported by characters correlated with diet, and may
therefore also be open to question. Successful resolution of the phylogeny of these and other

«lower heterobranchs» will require critical reevaluation of cephalaspid morphology to determine

an improved set of taxonomically informative, homologous characters. New areas of investiga-

tion are proposed.

Riassunto

L’ordine dei Cephalaspidea è generalmente considerato un raggruppamento innaturale, pa-

rafiletico, caratterizzato da «indirizzi evolutivi» che tendono ad una riduzione e perdita di molti

caratteri. L’analisi di 35 chiavi di classificazione e degli alberi filogenetici recentemente pubbli-

cati che coinvolgono i cefalaspidei indica una carenza nella definizione morfologica dell’ordine

ed il costante uso di caratteri tradizionali.

Dei 49 caratteri più frequentemente usati, 44 (il 90%) sono difficili da utilizzare nella

moderna analisi cladistica a causa della loro natura riduttiva, non omogeneità, incompletezza o

altro.

Le ipotesi di un «parallelismo ascendente» fatte per la maggior parte sulla base di questi

caratteri appaiono sostenute da decisioni aprioristiche e sono dunque, al momento, ingiustifica-

te. Inoltre i pochi raggruppamenti tassonomici di un certo valore sono per la maggior parte

sostenuti da caratteri collegati con la dieta e dunque discutibili.

Un’analisi corretta della filogenesi di questo, come di altri gruppi, appartenenti ai «bassi

eterobranchi» richiederà una critica rivalutazione della loro morfologia, per definire insiemi di

caratteri omologhi d’interesse tassonomico.

A tal proposito, vengono qui presentate nuove aree d’indagine.

(*) Harbor Branch Oceanographic Institution, Inc., 5600 U.S. 1 North, Fort Pierce, Florida,

34546, and Florida Institute of Technology, Melbourne, Florida, USA.
(**) Paper presented at the Eleventh International Malacological Congress (Siena, Italy, 1992)

organized by the Unitas Malacologica.
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Introduction

Within the opisthobranchs, the Order Cephalaspidea [=Bullomorpha,
Tectibranchiata (in part), «bubble-shells»] is morphologically mosaic as a

group, and is traditionally considered «basai», or «transitional» between
typical prosobranchs and «higher» opisthobranchs (e.g., Boettger, 1955;

Schmekel, 1985). Systematics within the order (as well as for the order

itself) is currently based upon anagenetic organizational grades, phenetic

similarities and «evolutionary trends» rather than upon distinct synapo-

morphies. Any such assemblage does not meet modern phylogenetic stan-

dards and may not be monophyletic. Several authors (e.g., Rudman, 1972;

Gosliner, 1992) have already suggested that this is true of Cephalaspidea.

Cephalaspidea was originally introduced by P. Fischer (1883b: 550) as

a subdivision (with Anaspidea and Notaspidea) of Tectibranchiata Cuvier,

1812. The new group of nine families (Fig. 1) was distinguished by the

presence of «un large disque céphalique». It is now generally agreed (e.g.,

Brace, 1977a, b) that this and other features of «typical» cephalaspid anat-

omy are the products of extensive ecophenotypic modification related to

burrowing through soft sediment, a habit successfully exploited by most
extant members of the present order. These kinds of features could conceiv-

ably have evolved in parallel in unrelated taxa under similar circumstan-

ces, and as such, may not reflect phylogenetic relationships. Similar state-

ments have also been made for characters associated with diet (Mikkel-

sen, 1989, 1990), reduction in body size (Ghiselin, 1963, 1966; Haszprunar,

1985), and loss of the shell (Gosliner & Ghiselin, 1984). The apparent high

incidence of homoplasy in opisthobranchs led Gosliner & Ghiselin (1984:

263-264; also Gosliner, 1981, 1991) to contend that «rampant parallelism»

made it «difficult, if not impossible» to resolve opisthobranch relation-

ships using modern cladistic methods. Although terminology has occasion-

ally implied the use of phylogenetic techniques (Gosliner, 1978, 1991;

Haszprunar, 1988), few rigorous analyses of opisthobranchs by modern
methods have appeared. Willan’s (1987) treatment of Notospidea is a no-

table exception.

Patterson (1989: 484) contended that «success in systematics requires

three things: good data (characters), sound methods of analysis, and crite-

ria for evaluating the results». Phenetic analytical approaches have been
unsuccessful in resolving the continual problems in cephalaspid systema-

tics. Further review presented here implicates a second, more basic defi-

ciency, i.e., the tenacious use of traditional characters, most of which are

problematic in cephalaspids. This study suggests that successful resolution

of this phylogeny may lie more in rigorous character selection than in the

use of alternate methodologies.

Material and Methods

Thirty-five key works in cephalaspid systematics were selected and
analyzed for agreement in classification or proposed phylogeny presented,

the character used (if given), any consistent family groups, and any synap-

116



FISCHER (1883b) Current placement

Actaeonidae

Aplustridae

Ringiculidae

Scaphandridae

Gastropteridae

Doridiidae

Philinidae

Tornatinidae

Bullidae

Cephalaspidea:

Acteonidae

Actaeonellidae

Trochactaeonid ae

Bullinidae

Aplustridae (= Hydatinidae)

Ringiculidae

Diaphanidae

Notodiaphanidae

Scaphandridae

Cylichnidae

Acteocinidae

Gastropteridae

Aglajidae

Philinidae

Retusidae

Volvulidae

Bullidae

Haminoeidae (= Atyidae)

Bullactidae

Smaragdinellidae

Anaspidea:

Akeridae

Runcinacea:

Runcinidae

Ildicidae

Sacoglossa:

Cylindrobullidae

Volvatellidae

Acochlidiacea:

Acochlidiidae

Hedylidae (= Hedylopsidae)

Microhedylidae

Platyhedylidae

Philinoglossidae

Plusculidae

Figure 1. The 31 «traditional» cephalaspid families and their current taxonomic placement

(based mainly on Boss, 1982), as derived from Fischer’s (1883b) original Cephalaspidea.
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omorphies defining family groups. Among them were 17 comprehensive

and/or well-recognized classifications [Fischer, 1883b; Pilsbry, 1894-1896;

Thiele, 1931; Odhner, 1939; Zilch, 1960; Taylor & Sohl, 1962; Odhner in

Franc, 1968; Nordsieck, 1972; Abbott, 1974; Thompson, 1976; Marcus,

1977; Boss, 1982; Long, 1983; Vaught, 1989; Sabelli, et al, 1990-1992;

combined Austrian scheme (Haszprunar, 1985; Salvini-Plawen, 1988,

1991a, b); combined Russian scheme (Minichev & Starobogatov, 1979a, b;

Golikov & Starabogatov, 1989)], and all known proposed phylograms (18)

indicating cephalaspid relationships [Fischer, 1883b: 551; Cossmann,

1895: table; Pilsbry, 1896: vii; Guiart, 1901: 201-202; Boettger, 1955: fig.

1; Morton, 1963: fig. 2; Ghiselin, 1966: fig. 7; Salvini-Plawen, 1970: fig. 1;

Beeman, 1977: fig. 15; Gosliner, 1978: pi. 22, fig. 36 (unpublished thesis);

Rudman, 1978: figs. 2-6; Kandel, 1979: fig. 2-3; Edlinger, 1980: fig. 9;

Haszprunar, 1985: fig. 5; Schmekel, 1985: fig. 17: Poulicek et al, 1991: fig.

1; Salvini-Plawen, 1991a: fig. 15; Salvini-Plawen, 1991b: fig. 5).

The phylograms presented in Figs. 3-5 are redrawings of previously

published trees, and do not represent original, cladistically-derived results.

Results and Discussion

Additions and subtractions - a history of Cephalaspidea

Cephalaspidean taxonomic history has been one of repeted inclusions

and exclusions, expansions and restrictions. Within the genera and sub-

genera of Fischer's (1883b) original taxon are found the bases of most (20)

of the 31 families which have been assigned to Cephalaspidea since

Fischer’s time (Fig. 1). Subsequent anatomical studies by Guiart (1901),

Bergh (1900-1908) and others induced a proliferation of family-level

groups, accompanied by a dizzying rate of taxonomic rearrangement [Fig.

2; Pilsbry, 1894-1896 (10 families); Thiele, 1931 (14); Boettger, 1955 (15,

excluding Pyramidellidae and Euthecosomata); Zilch, 1960 (15); Taylor &
Sohl, 1962 (15); Odhner in Franc, 1968 (13); Thompson, 1976 (16); Marcus,

1977 (18); Boss, 1982 (13); Long, 1983 (23); Vaught, 1989 (16); Sabelli et

ai, 1990-1992 (13)]. Most of the activity has focussed on a limited number
of families moving back and forth between Cephalaspidea and other opis-

thobranch groups: (1) Akeridae to Anaspidea (Guiart, 1901; Thompson &
Seaward, 1989), (2) Volvatellidae/Cylindrobullidae to Sacoglossa

(=Ascoglossa; Evans, 1950; Marcus, 1982), (3) 4-6 families of meiofaunal

«sand-nudibranchs» to their own orders, Acochlidiacea and Philinoglos-

sacea, or (in part) to Sacoglossa (Odhner, 1939; Wawra, 1979; Marcus,

1982; Salvini-Plawen, 1973), and (4) Runcinidae/Ildicidae to their own
order Runcinacea (Odhner, 1939; Burn, 1963; Odhner in Franc, 1968;

Ghiselin, 1963; Thompson & Brodie, 1988).

This continual shifting is partially due to new analyses and new data,

but it also stems from our lack of a solid morphology-based definition for

the order. High variability is the rule: shell external, internal or absent,

thick or thin, involute or with spire exposed; operculum present or absent;

mantle cavity anterior or posterior, enclosed or open; parapodia present or

absent; gizzard present or absent; jaws usually absent; radula usually pres-
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ent; penis usually retractile; etc. The cephalic shield and Hancock’s organ

once regarded as synapomorphies for Cephalaspidea (e.g., Schmekel, 1985)

are no longer warranted in view of the above-mentioned removals of con-

troversial taxa.

In perhaps the most dramatic rearrangement to date (Table 1), two
Austrian workers (Haszprunar, 1985; Salvini-Plawen, 1988, 1991a, b) have

suggested removing six families —Acteonidae, Bullinidae, Aplustridae,

Ringiculidae, Diaphanidae, and Notodiaphanidae —from the Cephalas-

pidea mainly on the basis of shared symplesiomorphies (streptoneury, pal-

liai gonoduct, lack of gizzard). Two new groups have been proposed: (1)

Architectibranchia, a «conservative» pharaphyletic superorder (Haszpru-

nar, 1985; Salvini-Plawen, 1991b), and (2) Dystectibranchia (including

several «non-cephalaspid» groups), «an interrelated stock with mosaic

evolution» (Salvini-Plawen, 1991a: 24). The remaining cephalaspid fami-

lies are treated as the order Bullomorpha, in the derived superorder Para-

tectibranchia (Haszprunar, 1985; Salvini-Plawen, 1991b). [Salvini-Plawen

(1991a) altered this, treating Paratectibranchia as another paraphyletic

basal group.] Major divisions of Cephalaspidea reminiscent of this were
earlier implied, although never formally proposed, by Guiart (1901; for

Acteonidae), Ghiselin (1966; for Acteonidae, Aplustridae), Beeman (1978;

for Acteonidae), Gosliner (1978; for Acteonidae, Bulinidae, Aplustridae,

Ringiculidae), Edlinger (1980: fig. 9; for Acteonidae, Aplustridae, Diapha-

nidae), Gosliner & Ghiselin (1984: fig. 1; for Acteonidae), and Schmekel
(1985: figs. 2,7,9,17; for Acteonidae, Ringiculidae).

Haszprunar (1985) and Salvini-Plawen (1988, 1991a,b) did not define

the familial contents nor characteristics of their paratectibranch group

Bullomorpha. By process of elimination, 8 families are inferred: Scaphan-
dridae, Philinidae, Gastropteridae, Aglajidae, Retusidae, Bullidae, and
Haminoeidae/Smaragdinellidae. Runcinidae/Ildicidae and Philinoglossi-

dae/Plusculidae were also included here (and Retusidae and Philinidae

confirmed) by Huber (1987). From discussion of the larger Paratectibran-

chia (Haszprunar, 1985), it can be deduced that hervibory and an anterior

armed gizzard are regarded as plesiomorphic for Bullomorpha. Beyond
this, synapomorphies defining the group have not been recognized and
therefore the question of monophyly, as implied by the trees presented by
Haszprunar (1985: fig. 5) and Salvini-Plawen (1991a: fig. 15; 1991b: fig. 5),

remains open.

Russian workers (Minichev & Starobogatov, 1979a,b; Golikov &
Starobogatov, 1989) have independently taken steps similar to those of the

Austrians, based almost entirely on reproductive morphology: (a) Ringicu-

lidae in subclass Sinistrobranchia (=Allogastropoda), (b) Acteonidae and
Aplustridae in subclass Opisthobranchia: Phyllidiiformii, and (c) the re-

maining cephalaspids (together with various traditional anaspids, saco-

glossans, and notably Diaphanidae/Notodiaphanidae) in Opisthobranchia:

Bulliformii. Since the groups proposed by the Russian school were largely

undefined, it is impossible to discuss this radical classification further.

Eighteen phylograms defining relationships of and/or among cephal-

aspideans have appeared in the literature (see list under Materials &
Methods). The three earliest versions (Fischer, 1883b; Cossman, 1895;
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Pilsbry, 1896) were based on shells, «hard parts» (radula, jaws, gizzard

plates), and gross external anatomy, one accounted for stratigraphic

appearance of fossil taxa (Cossmann, 1895), one was restricted to a single

superfamily (Rudman, 1978), three others were primarily single-organ-

system analyses (Boettger, 1955; Ghiselin, 1966; Edlinger, 1980), three

were slight modifications of previous trees [Salvini-Plawen, 1970 (of

Boettger, 1955); Beeman, 1977 (of Ghiselin, 1966); Poulicek et al, 1991 (of

Ghiselin, 1966)], and one concerned only the relationship of Cephalas-

pidea to other opisthobranch orders (Schmekel, 1985). None of the 18 trees

was generated through cladistic methods.

The three most comprehensive treatments to date [Ghiselin, 1966;

Salvini-Plawen’s 1970 modification of Boettger, 1955; Gosliner, 1978;

redrawn here in cladistic fashion for purposes of discussion and compari-

son (Figs. 3-5)], are unsatisfactory for a number of reasons. Boettger’s

(1955) tree has been criticized (Gosliner, 1978,1991; Gosliner & Ghiselin,

1984) for being based on the shell and nervous system, both believed to

contain many characters showing parallel evolution (associated with loss

of the shell or reduction in body size). Salvini-Plawen’s (1970 updated ver-

sion of Boettger (notably also removing modern families from nodal

ancestral positions) still left six major clades (grades) radiating from a

single node (Fig. 3). Ghiselin's (1966) originally confusing tree was based

largely on a single system (reproductive anatomy), distinguished many
opisthobranch groups by undefined «similarities», and united most of the

cephalaspideans through traditional « hard-parts» (gizzard plates; Fig. 4).

Finally, Gosliner's (1978) interpretation, although based on a more com-
plete dataset and employing qualitative weighting of characters, left an
unresolved octochotomy (in figure; pentachotomy according to text)

adding little new information on cephalaspid interrelationships (Fig. 5).

Most importantly in modern phylogenetic terms, the Cephalaspidea itself

is not monophyletic in any of these three phylograms.

Paraphyly of the Cephalaspidea is not a new discovery. Relative to

other opisthobranchs, Pilsbry (1985: 134) early recognized the Tectibran-

chiata (= Cephalaspidea + Anaspidea -I- Notaspidea) as «a synthetic type,

from which in the remote past, the Nudibranchiata and Pulmonata have

no doubt been derived». With the breakup of Tectibranchiata by the 1960’s

[or the reduced but similar Pleurocoela of Thiele, 1931; not Tectibranchia

sensu Haszprunar (1935: 33) nor Salvini-Plawen (1991a: 23)], the Cephal-

aspidea assumed the role of the «ancestral stock» of the opisthobranchs

(Gosliner, 1978; Gosliner & Ghiselin, 1984). The phylograms of Boettger
(1955: fig. 1) and Schmekel (1985: fig. 17) are prime examples of this view,

with the clearly-paraphyletic Cephalaspidea defined mainly by symple-

siomorphies. Although the Austrian-advocated division considers most of

the cephalaspids as members of the presumably-monophyletic Bullomor-

pha, their Architectibranchia and Dystectibranchia still occupy the para-

phyletic position once held by the entire Tectibranchiata.
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FISCHER (1883b) PILSBRY (1894-1896) THIELE (1931)

ACTAEONIDAE
Actaeon

Actaeonella
r

TORNATINIDAE
Utriculus (= Retusa)

Volvula (= Rhizorus)

ACTAEONIDAE
Acteon

Bulliría

TORNATINIDAE
Retusa

Volvula (= Rhizorus)

ACTAEONIDAE
Adeon

Bulliría

RINGICUUDAE
Ringicula

l IYDATINIDAE
Hydatina

DLAPHANIDAE
SCAPHANDRIDAE

Scaphander

Cylichna

Cylichnella (= Adeocina)

Amphisphyra (= Diaphana)

Atys

Smaragdinella

BULLIDAE
Bulla

Haminea

Acera

Cylindrobulla

Volvatella

APLUSTRIDAE
Hydatina

Bulliría

RINGICULIDAE
Ringicula

GASTROFTERIDAE
Gastropteron

PHIUNIDAE
Philine

SCAPHANDRIDAE
Scaphander

Cylichna

Cylichnella (= Adeocina)

Diaphana

Atys

Smaragdinella

BULLIDAE
Bulla

AKERIDAE
’ HAMINEINAE: Haminea'

AKERINAE: Aker a

VOLVATELLINAE:
Cylindrobulla

. Volvatella

HYDATINIDAE
Hydatina

RINGICULIDAE
Ringicula

PHIUNIDAE
Philine

?Colpodaspis

Phanerophthalmus

. Diaphana

'NOTODÌAPI I ANI DAE
Notodiaphana

BULLARTI DAE
Bullaria (= Bulla)

"ATYIDAE
ATYINAE: Atys

Haminea

BULLACTIDAE: Bullada

CRYPTOPHTHALMINAE:
Smaragdinella

_ Phanerophthalmus

‘ACERIDAE
ACERINAE: Acera

CYLINDROBULLINAE:
Cylindrobulla

. Volvatella

RETUSIDAE
Retusa

Volvula

(= Rhizorus)

SCAPHANDRIDAE
Scaphander

Cylichna

Colpodaspis

Chelidonura

Phanerophthalmus

DORIDIIDAE
Doridium (= Aglaja)

NOTASPIDEA
RUNONIDA

Runcina

Chelidonura

GASTROPTERIDAE
Gastropteron

AGLAJIDAE
Aglaja

Adeocina

PHIUNIDAE
Philine

Colpodaspis —
GASTROPTERIDAE

Gastropteron

[runonidae
I Runcina

L Mica

AGLAJIDAE
Aglaja

Chelidonura

/

O. NOTASPIDEA
RUNCINIDAE"

Runcina

Udica

O. ACOELA
SUBO. NUDI BRANCHIA
STIRPS AEOLI DIACI: A

[

HEDYLIDAE
]

*
HEDYUNAE V
PARHEDYUNAEJ

Figure 2. Cephalaspid classification by key authors, with superfamilies (if any), families, and
representative genus-level taxa. Arrows indicate movement of genera, creation of new families,

and movement of taxa in and out of Cephalaspidea. Non-cephalaspid groups below dotted line.

F = exclusively-fossil taxa. * = first appearance of new additions.
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ODHNER(1939) ZILCH (1%0) TAYLOR& SOHL(1%2)

BULLARIACEA
ACTEONIDAE

Acteon

BULUDAE
Bullaria (= Bulla)

r
A

DIAPHANIDAE
Diaphana

Colobocephalus

(= Colpodaspis)

Cylindrobulla

Volvaidla

RETUSIDAE
Retusa

Rhizorus

ACTEONIDAE
ACTEONINAE:

Acteon

Bullina

i UOCARENINAEF

L
CYLINDROBULLININAEF

ACTEONELLINAE:F

Acteonella

RINGICULIDAE
Ringicula

SCAPHANDRIDAE
Scaphander

Cylidina

Acieocina

PHILIMDAE
Philine

AGLAJIDAE
Aglaja

Chdidonura

GASTROPTERIDAE
Gastropteron

RUNQNIDAE

ACTEONACEA
ACTEONIDAE

Acteon

Bullina

ACTEONELUDAEF

RINGICULIDAE
HYDATTNIDAE

\

PinUNACEA
SCAPHANDRIDAE
PHIUNIDAE
AGLAJIDAE
GASTROPTERIDAE
RUNCINIDAE

\
DI AHI ANACEA
DIAPHANIDAE
Diaphana

NOTODIAPHANIDAE

SCAPHANDRACEA
SCAPHANDRIDAE

Scaphander

Cylichna

ACERIDAE
Acera

PHILINACEA
PHIUNIDAE

Philine

GASTROPTERIDAE
AGLAJIDAE

PELTACEA
PELTIDAE
Pdta (= Runcina)

Runcina

Udica

HYDATTNIDAE
Hydatina

NOTODIAPHANIDAE
Notodiaphana

PlflUNOGLOSSIOAE'
PhUinoglo6sa

Pluscula

DIAPHANIDAE
Diaphana

Colopodaspis

Cylindrobulla

'

Volvatella -

BULLACEA
BULUDAE
ATYIDAE
RETUSIDAE

CYUNDROBULLACEAT

CYLINDROBULIJDAE L

Cylindrobulla J^

‘ACOCHUDEDAE
HEDYLOPSINAE
ACOCHLIDIINAE

. MICROHEDYUNAE
BULUDAE

Bidla

ATYIDAE I

ATYINAE: Atys

Haminaea

BULLACTINAE:

Bullada

SMARAGDINELLINAL
Smaragdindla

Phanerophthalmus

RETUSIDAE
Retusa

Rhizorus

O. ACOCHLIDIOIDEA
ACOCHLIDODAE
HEDYLOPSIDAE

L MICROHEDYLIDAE

O. PHIUNOGLOSSOIDEA
PHIUNOGLOSSIDAE

A
O. ACOCHLIDIACEA
MICROHEDYLIDAE
ACOCHLIDODAE

O. APLYSIACEA
' AKERIDAE
_ Akera

O. SACOGLOSSA
ARTHESSIDAE

Volvaidla

O. ANASHDEA
AKERATIDAE-
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ODHISTERin FRANC(1968) NORDSIECK(1972) ABBOTT(1974)

ACTEON1DAE
Adeon

RINGICULIDAE

DIAPHANIDAE
NOTODIAPHANIDAE

BULLIDAE
RETUSIDAE

r

\
HYDATINIDAE

Hydatina

Bulliría

GASTROPTERIDAE
AGLAJIDAE
SCAPHANDRIDÀE

Scaphander

Cylichna

Actaeodna

PHIUNIDAE

ATYIDAE
ATYINAE
HAMINEINAE
BULLACTINAE
LATHOPHTHALMINAE:

Smaragdinella

Phaneroph thal mus

/

\

ACERIDAE

ACTEONIDAE
ACTEONINAE

Acteon

UOCARENINAE
CYLINDROBULLINAE [sic]

RINGICUUDAE

SCAPHANDRIDAE
Scaphander

Cylichna

Actaeodna

PHIUNIDAE
DORIDIIDAE

Doridium

(= Aglaja)

GASTROPTERIDAE

HYDATINIDAE
Hydatina

DIAPHANIDAE

BULUDAE
ATYIDAE

Atys

Haminaea

RETUSIDAE

ACTEONACEA
ACTEONIDAE

Acteon

- Bulliría

RINGICUUDAE
f ACTEOCINIDAE

r L Acteocina

APLUSTRIDAE
Hydatina

CYLICHNACEA
CYUCHNIDAE

Scaphander

Cylichna

PHILINIDAE
DORIDIIDAE

(= AGLAJIDAE)
GASTROPTERIDAE
RUNCINIDAE

DIAPHAÑACEA
DIAPHANIDAE

BULLACEA
BULUDAE
HAMINOUDAE

(= ATYIDAE)
RETUSIDAE
VOLVATELUDAE'

Cylindrobulla k

jVolvatella

9

O. RUNONACEA 1 o. runcinaceaI/
ILDIQDAE: Mica RUNCINIDAE J /

RUNCINIDAE
RUNQNINAE:Runcina 1

. ILBHNAE: libia

\

O. ACOCHLIDIACEA
EUACOCHUDIACEA
HEDYLOPSIDAE
MICROHEDYUDAE

—

ACOCHUDHDAE
PHILINOGLOSSACEA

"

PHIUNOGLOSSIDAE .

Philinoglossa

PLUSCULIDAE
Pluscula

O. SACOGLOSSA

[
CYLINDROBULLACEA

L CYLINDROBULLIDAE
VOLVATELLACEA

"

VOLVATELLIDAE
Volvatella

O. ACOCHLIDIACEA
ACOCHLIDDDAE

Hedylopsis

Microhedyle

Parhedyle

Philinoglossa

O. SACOGLOSSA
CYLINDROBULLIDAE"

Cylindrobulla

O. APLYSIACEA
•AKERIDAE

O. ACOCHLIDIOIDEA
MICROHEDYLIDAE
(others ?)

O. APLYSIACEA
AKERIDAE 1
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THOMPSON(1976) MARCUS(1977) BOSS(1982)

ACTEONACEA
ACTEONIDAE

Acteon

BULLINIDAE
Bulliría

HYDATINIDAE
Hydatina

DIAPHAÑACEA
DIAPHANIDAE
NOTODIAPHANIDAE

RETUSACEA
RETUSIDAE

RINGICULACEA
RINGICUUDAE

ACTEONACEA
ACTEONIDAE
BULUNIDAE
HYDATINIDAE
RINGICUUDAE

SCAPHANDRACEA
SCAPHANDRIDAE

Scaphander

Cylichna

? — Utriculastra

(= Acteocina)

AGLAJIDAE
PHILINIDAE
GASTROPTERIDAE

DIAPHAÑACEA
DIAPHANIDAE

ACTEONIDAE
RINGICULIDAE
HYDATINIDAE
BULUNIDAE

SCAPHANDRIDAE
Scaphander

Cylichna

Acteocina

PHIUNIDAE
AGLAJIDAE
GASTROPTERIDAE

DIAPHANIDAE
NOTODIAPHANIDAE

BULLACEA
BULUDAE

ATYACEA
ATYIDAE

PHIUNACEA
SCAPHANDRIDAE

Scaphander

Cylichna

/

/

AKERIDAE
GASTROPTERIDAE
AGLAJIDAE
PHILINIDAE
PHILINOCLOSSIDAE

? RUNCINACEA
RUNCINIDAE

O. ACOCHLIDIACEA
ACOCHUDÜDAE
HEDYLOPSIDAE
MICROHEDYIJDAE

O. SACOGLOSSA
OXYNOACEA
VOLVATELLIDAE-?
CYLINDROBULLIDAE- 1

RUNCINACEA
ILDIQDAE
[RUNQNIDAE]

BULLACEA
BULUDAE
ATYIDAE
RETUSIDAE

AKERACEA1

AKERIDAE

I" CYLINDROBULLACEA
CYLINDROBULLIDAE

L Cylindrobulla

ACOCHUDIACEA
MICROHEDYLIDAE
(others ?)

BULUDAE
ATYIDAE
ATYINAE
BULLACTINAE
HAMINEINAE
LATHOPHTHALMIDAE:

Smaragdinella

RETUSIDAE
Retusa

Volvulella

(= Rhizorus)

O. RUNCINOIDEA
ILDIQDAE
RUNQNIDAE

/

PHTLINOGLOSSACEA
PHILINOGLOSSIDAE

ti

O. ACOQTLIDIOÍDEA
EUACOQTUDÍACEA
ACOCHUDIIDAE
HEDYLOPSIDAE
MICROHEDYIJDAE
PLATYHEDYUDAE

PI IILINOG LOSSACEA1

PHILINOGLOSSIDAE
PLUSCULIDAE J

O. SACOGLOSSA /
CYLINDROBULLIDAE'

?-!- VOLVATELUDAE

O. ANASPIDEA
AKERIDAE— /
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LONG(1983) VAUGHT(1989) SABELLI et al. (1990-1992)

/

/

ACTEQNACEA
ACTEONIDAE
BULUNIDAE
HYDATINIDAE

DIAPHAÑACEA
DIATI lANIDAE
CYLINDROBULI.IDA E—

,

NOTODIAPHANIDAE
RETUSACEA
RETUSIDAE

Retusa

VOLVULIDAE
Volvulella

(= Rhizorus)

RINGICULACEA
RINCICUUDAE

BULLACEA
BULUDAE

ATYACEA
ATYIDAE
ATYINAE
BULLACITNAE .
HAMINEINAE^

I" SMARAGDINELLIDAE

J_ Smaragdinella

PHIUNACEA
SCAPI! ANDRIDAE

Scaphander

Cylichna

Acteocina

AKERIDAE

A

/

GASTROPTERIDAE
AGLAJ1DAE
PHILINIDAE

PHILINOGLOSSACEA
PHIUNOGLOSSIDAE
PLUSCUUDAE

RUNONACEA
ILDIODAE
RUNCINIDAE
RUNQNINAE
ILBIINAE

* ACTINOCYCLIDAE
RHODOPACEA

L RHODOPIDAE

O. ASCOGLOSSA
OXYNOACEA
VOLVATELLIDAE

O. ACOCHLIDIACEA
ACOCHLIDÜDAE
HEDYLOPSIDAE
MICROHEDYLIDAE

PHIUNOIDEA?
ACTEONIDAE
RINCICUUDAE
HYDATINIDAE—?
BULUNIDAE ?
SCAPHANDRIDAE

Scaphander

Cylichna

Acteocina

PHILINIDAE
AGLAJIDAE
GASTROPTERIDAE

ACTEONOIDEA
ACTEONIDAE

DIAPHANOIDEA
DI API IANTDAE

RETUSOIDEA
RETUSIDAE

Retusa

Volvulella

(= Rhizorus)

DI AIT lANIDAE RINGICULOIDEA
NOTODIAPHANIDAE- ? RINCICUUDAE

BULUDAE
HAMINHDAE
HAMINEINAE

Haminoea

Atys

BULLACTINAE
SMARAGDINELUDAE
RETUSIDAE

Retusa

I" Volvulella

L (= Rhizorus)

RUNONOIDEA
RUNCINIDAE

BULLOIDEA
BULUDAE

HAMINOIDEA
HAMINOEIDAE

Haminoea

Atys

Smaragdinella

RUNONOIDEA
RUNCINIDAE
RUNQNINAE
ILBINAE [sic]

ILDIODAE ?

PHIUNOIDEA
PHILINIDAE
AGLAJIDAE

-AKERIDAE
CYLICHNIDAE

Cylichna

Acteocina

Scaphander

GASTROPTERIDAE
- PHIUNOGLOSSIDAE

O. ACOCHLIDIOÍDEA
EUACOCHUDIOIDEA?
ACOCHUDIIDAE
HEDYLOPSIDAE
MICROHEDYUDAE
PLATYHEDYUDAE.

' phiunoglossoideaT
PHIUNOGLOSSIDAEI

L PLUSCULIDAE—? J

O. SACCOGLOSSA
OXYNOIDEA
VOLVATELLIDAE

[
PLATYHEDYLOIDEA

I PLATYHEDYUDAE

O. SACOGLOSSA
CYUNDROBULLIDAE-

VOLVATELLIDAE

O. ANASPI DEA
AKERIDAE

O. ACOCHLIDIACEA
V? [ACOCHUDDDAE]

HEDYLOPSIDAE
MICROHEDYLIDAE

* ASPERSPINIDAE
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Table 1. New classifications of «cephalaspids» by the Austrian school (Haszprunar, 1985;

Salvini-Plawen, 1988, 199 1 a, b) and the Russian school (Minichev & Starobogatov,
1979a, b; Golikov & Starobogatov, 1988). Included families inferred (where indicated)

through name of superfamilial taxon and currently- accepted groups. * = «non-cephalaspid»,

included families not listed here.

AUSTRIANSCHOOL RUSSIAN SCHOOL(families inferred]

SCL. HETEROBRANCHIA
COHORSTRIGANGLIONATA
SUPERO.ALLOGASTROPODA*
COHORSPENTAGANGLIONATA
SUPERO.ARCHITECTIBRANCHIA
O. ACTEONOIDEA

ACTEONIDAE
BULLINIDAE
HYDATINIDAE

O. RINGICULOIDEA
RINGICULIDAE

SUPERO.DYSTECTIBRANCHIA
O. DÍAPHANOIDEA

DIAPHANIDAE
NOTODIAPHANIDAE

O. SACOGLOSSA
CYLINDROBULLIDAE
VOLVATELLIDAE
(others)

O. ACOCHLIDIOMORPHA
ACOCHLIDIIDAE
HEDYLIDAE
MICROHEDYLIDAE
PLATYHEDYLIDAE

O. RHODOPEMORPHA*
SUPERO.PARATECTIBRANCHIA
O. THECOSOMATA*
O. BULLOMORPHA(families inferred)

SCAPHANDRIDAE
PHILINIDAE

GASTROPTERIDAE
AGLAJIDAE
RETUSIDAE
BULLIDAE
HAMINOEIDAE
SMARAGDINELLIDAE
RUNCINIDAE
ILDICIDAE

PHILINOGLOSSIDAE
PLUSCULIDAE

O. ANASPIDEA
AKERIDAE
(others)

O. GYMNOSOMATA*
COHORSELEUTHEROBRANCHIA*
COHORSCYMNOMORPHA*
COHORSPULMONATA*
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SCL. SINISTROBRANCHIA
SUPERO.ARCHITECTONICIFORMII*
SUPERO.MELANELLIFORMII*
SUPERO.PYRAMIDELLIFORMII
O. RINGICULIFORMES

SUBO. RINGICULOIDEI

RINGICULIDAE
O. PYRAMIDELLIFORMES*

SCL. OPISTHOBRANCHIA
SUPERO.PHYLIDIIFORMII

O. ACTEONIFORMES

ACTEONIDAE
HYDATINIDAE

O. PLEUROBRANCHIFORMES*
O. PHYLLI DII FORMES*

O. TRITONIIFORMES*

SUPERO.POLYBRANCHIFORMII*
SUPERO.BULL1FORMII

O. BULLI FORMES
SUBO. DIAPHANOIDEI

DIAPHANIDAE
NOTODIAPHANIDAE

SUBO. BULLOIDEI

BULLIDAE
SUBO. SCAPHANDROIDEI
SCAPHANDRIDAE
PHILINIDAE

GASTROPTERIDAE
AGLAJIDAE

SUBO. PHILINOGLOSSOIDEI

PHILINOGLOSSIDAE
SUBO. HAMINEOIDEI

HAMINOEIDAE
O. RUNCINIFORMES

RUNCINIDAE
ILDICIDAE

O. APLYSII FORMES
AKERIDAE
(others)

O. PNEUMODERMATIFORMES*
O. TAMANOVALVIFORMES

SUBO. CYLINDROBULLOIDEI

CYLINDROBULLIDAE
SUBO. VOLVATELLOIDEI

VOLVATELLIDAE
(others)

SCL. DEXTROBRANCHIA
SUPERO.UMBRACULIIFORMII*
SUPERO.ACOCHLIDIIFORMII

O. ACOCHLIDIIFORMES
SUBO. PLATYHEDILOIDEI

PLATYHEDYLIDAE
SUBO. HEDYLOPSOIDEI

HEDYLOPSIDAE
MICROHEDYLIDAE

SUBO. ACOCHLIDIOIDEI
ACOCHLIDIIDAE

(others)

SUPERO. PERACLIFORMII*

SUPERO. ONCHIDIIFORMII*

SCL. PULMONATA*



STYLOMMATOPHORA+

BASOMMATOPHORA
Pyramidellidae

EUTHECOSOMATA

Aplustridae
|j

ACOCHLIDIACEA

Diaphanidae

Notodiaphanidae

SACOGLOSSA

Cylindrobullidae

NUDIBRANCHIA+

Ringiculidae

Acteonidae

Philinidae

Gastropteridae

Aglajidae

Scaphandridae

ANASPI DEA
SOLEOLIFERA

Philinoglossidae

Runcinidae

Retusidae

NOTASPIDEA

Haminoeidae

Bullidae

Figure 3. Salvini-Plawen’s (1970: fig. 1) phylogeny of euthyneuran gastropods [modified from

Boettger (1955: fig. 1)], redrawn as a modern cladogram. Solid horizontal bar denotes present

Cephalaspidea.
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Pyramidellidae

PULMONATA+ SOLEOLIFERA

Aplustridae

Acteonidae

NUDIBRANCHIA+ NOTASPIDEA

THECOSOMATA+
GYMNOSOMATA

ANASPIDEA

SACOGLOSSA

Cylindrobullidae 1 •>>

Diaphanidae
jj

ACOCHLIDIACEA
Philinidae

Aglajidae

Gastropteridae

Scaphandridae

Philinoglossidae

Retusidae !

Bullidae

Haminoeidae

Runcinidae

Figure 4. Ghiselin’s (1966: fig. 7) «phylogenetic tree» of the Opisthobranchia, (based on a

«functional analysis» of characters of the reproductive and alimentary systems), redrawn as a

modern cladogram. Solid horizontal bar denotes present Cephalaspidea. Ringiculidae was not

included on the original tree due to uncertain affinities.
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NUDIBRANCHIA+ NOTASPIDEA

Aplustridae

Bullinidae

Acteonidae

Ringiculidae

Diaphanidae

SACOGLOSSA

Cylindrobullidae
J

-o

ACOCHLIDI ACEA

ANASPIDEA

Haminoeidae
;!

Bullidae

Runcinidae H

THECOSOMATA+
GYMNOSOMATA

Philinoglossidae

Retusidae

Gastropteridae

Philinidae

Aglajidae

Scaphandridae

Figure 5. Gosliner’s (1978: pi. 22, fig. 36) phylogeny of the Opisthobranchia, redrawn

modern cladogram. Solid horizontal bar denotes present Cephalaspidea.

as a
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HP R C F HM

SHELL present /absent

SHELL external/ internal

SHELL thick/thin

SHELL not reduced/reduced

SHELL exposed spire/involute/ plate-like

OPERCULUMpresent/absent

CHROMOSOMEnumber 12/17

RETRACTIONcomplete/incomplete

CEPHALIC PROCESSES(form)

MANTLECAVITY position

PALLIAL CAECUMshort/long/absent

PARAPODIAabsent/weak/strong

FOOTlong/ short

POSTERIORPALLIAL LOBEabsent /present

GILL present/reduced/absent

GILL nonplicate/plicate

HANCOCK'SORGANweakly/strongly developed

HANCOCK'SORGAN(form)

LIP ORGANS(form)

OSPHRADIUMnot reduced/reduced

OSPHRADIUM(form)

RADULApresent /absent

RADULA(form)

RADULAteeth many/few

RACHIDLANpresent /absent

JAWSpresent /absent

JAWSarmed/unarmed

GIZZARD weakly/strongly developed

GIZZARD PLATESabsent/present

GIZZARD PLATES3/4/many

GIZZARD PLATES (form)

SALIVARY GLANDS1/2 pair

ESOPHAGEALDIVERTICULUMabsent /present

DIET camivorous/herbivorous

REPRODUCTIVESYSTEMmonaulic/diaulic

COPULATORYORGANnonretractile/retractile

PROSTATEpallial/penial

SPERMDUCTopen/dosed

EJACULATORYDUCTopen /closed

SPERMATICBULB absent /present

RECEPTACULUMSEMINIS present/absent

PALLIAL GONODUCTsimple/divided

GONODUCTpallial/coelomic

NERVOUSSYSTEMstreptoneurous/euthyneurous

EYESpresent/absent

NERVERING pre-pharyngeal/post-pharyngeal

NERVERING ganglia 6/4

VISCERAL LOOPlong/short

VISCERAL LOOPganglia 5/4/3

B x

B x

B x

B x

B x

B

B

x

X

X

X

Table 2. Traditional cephalaspid characters used by 35 key classifications and proposed phy-

logenies, with the problems associated with their use in cladistic analysis, x = problem noted; C
= condition; F = form; HM= homology; HP = presumed homoplasy (with suspected agent:

B = burrowing; D = diet; S = small size); I = incomplete; R = reduction.
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Traditional cephalaspid characters

Evaluation of the above-mentioned previous descriptions and phylo-

grams yielded 49 frequently-utilized characters (Table 2).

Most the characters have been associated by various authors with the

theoretically-homoplastic agents of burrowing (plus shell loss), diet, or

small size (Table 2). Their derived states have been claimed to have

«evolved» more than once during cephalaspid evolution (Boettger, 1955;

Ghiselin, 1966; Gosliner, 1978; Gosliner & Ghiselin, 1984), giving rise to

statements of «rampant parallelism» in the group (Gosliner & Ghiselin,

1984). Much of this «evolution» is perceived as loss; twenty characters

(42%) involve presumed reduction or loss of a feature. It must be argued

here that, technically, one cannot invoke homoplasy to explain character

distributions before the fact. Homoplasy is a phenomenon recognized

through the analytical process, not an intrinsic quality of a character state.

Because a rigorous phylogenetic analysis is not yet available for opistho-

branchs, all cases of inferred homoplasy are products of a priori decisions

at this point. One can certainly allow that the potential for homoplasy may
be particularly high in certain cases, such as the absence of features, and
take appropriate precaution. Absence or weak development of a character

could also conceivably represent two different states: primary condition/

absence or secondary loss/reduction.

Six characters reflect the general form or shape of a structure. This

type of phenetic similarity requires better definition of the homologous
characters and character states involved. Three broad functional or phys-

iological «conditions» (carnivorous/herbivorous, monaulic/diaulic, retrac-

tion complete/incomplete) are similarly unusable. Each of these suggests

probable suites of characters and questions of homology.

«Sperm duct open/closed» has a more obvious homology problem.

Based on a reproductively monaulic «mesogastropod» ancestor, Ghise-

lin (1966: 333) stated that «the open seminal groove has been converted

into a closed tube... called the vas deferens». This is a functional interpre-

tation, reflecting analogy rather than homology. Based on positional evi-

dence, the open external sperm groove, from the common genital opening

to the copulatory organ opening, is probably not homologous with the clo-

sed palliai sperm duct (= «vas deferens»), extending from the common
palliai gonoduct, through the prostate gland to the base of the copulatory

organ. Both states apparently occur simultaneously in the sacoglossan

Ascobulla ulla (Marcus) (Marcus, 1972). Therefore the connection/separa-

tion of the palliai sperm duct (with its associated prostate gland) from the

common palliai gonoduct is distinct from the loss/gain of the external se-

minal groove.

Data on chromosome number are still too incomplete to be successful-

ly used in this dataset, although considerable progress has been made
since Ghiselin (1966) first considered its use (Patterson, 1969; Nata-

rajan, 1970; Vitturi et al., 1985; Curini-Galletti, 1985, 1988). Members of

the cephalaspid genera Bulla, Haminoea, Scaphander, Philine, Smaragdinel-

la, Runcina, and Aglaja have a haploid number of 17 or 18. This range is

also generally found in Sacoglossa, Anaspidea, and basommatophoran and
soleoliferan Pulmonata. However, Nudibranchia, the most throughly exa-
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mined group so far (Vitturi et al, 1985) shows a very consistent 13. Mem-
bers of Notaspidea also possess 12 or 13. The only «architectibranch» exa-

mined so far [ Hydatina velum (Gmelin)] has 15 (Natarajan, 1970). [NataraI

jan's (1970) statement that other acteonoideans have 17 chromosomes is

apparently based on a species of Cylichnatys

,

now placed in Haminoeidae
(Burn, 1978)]. Philinoglossa praelongata Salvini-Plawen has 13 (Curini-

Galletti, 1985). Within the Heterostropha, Valvatidae reveal 10 and Pyra-

midellidae 17 (Patterson, 1969). In a recent review, Vitturi et al. (1985),

suggested that chromosome number may be a highly stable character at

family or higher taxonomic level in molluscs. But polarity is still in que-

stion: low number has been considered plesiomorphic (Patterson, 1969) or

derived (Curini-G alletti, 1985). This is definitely a character worth inve-

stigating further.

In summary, of the 49 traditionally most-used characters, 44 (90%) are

here perceived as problematic. It is obvious then, that the dataset presen-

ted in Table 2 is insufficient for use in cladistic analysis, and it is therefore

no surprise that authors emphasizing these characters have claimed that

«it cannot be done».

Monophyletic subgroups?

Given the lack of recognized synapomorphies for Cephalaspidea, and
the acknowledgment that only monophyletic taxa be formally recognized

in classification, the entire order Cephalaspidea is now difficult to justify.

However, in the phylograms generated using the above-discussed char-

acters, are there any family groups which are consistent and/or defined by
synapomorphies?

The polychotomies present in Salvini-Plawen's (1970) and Gosliner’s

(1978) trees severely limit the identification of possible monophyletic

units. However, one consistent grouping is obvious: the superfamily Philin-

oidea (Philinidae + Scaphandridae + Gastropteridae + Aglajidae), which
is also the most consistently recognized group in cephalaspid classifica-

tions. But synapomorphies for this group are difficult to discern from the

three publications. Salvini-Plawen (1970) and Boettger (1955), on which
the former was based, identify nothing specific. Gosliner (1978), who pla-

ced major importance on dietary morphology, found flattened gizzard pla-

tes to be unique when Retusidae was added to the group. When Philino-

glossidae was also considered, a radula with enlarged cusp-like lateral

teeth became synapomorphic for Philinoidea. Other superfamilial charac-

teristics (carnivory, pre-pharyngeal nerve ring, monauly, simple mucus
gland) were symplesiomorphic according to Gosliner. Ghiselin (1966) de-

scribed only phenetic similarities in reproductive system structure and
grades in reduction of the shell and radula, and suggested mosaic evolu-

tion patterns among the four families; but he also mentioned features at

the cellular level (e.g., secretory cells of unknown function in coelomic go-

noduct) which seem worthy of additional study. Rudman’s (1978) discus-

sion of phylogeny within the Philinoidea defined phenetic similarities and
grades similar to those of Ghiselin.

The only other cephalaspid superfamily consistently used in classifica-
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tions is also recognizable in all three trees: Bulloidea (Bullidae + Hami-
noeidae). Salvini-Plawen (1970) added Retusidae and defined the group by
possession of a shortened foot. Ghiselin (1966) added Runcinidae and used

herbivory (with its associated esophageal diverticulum, which was howev-

er «lost» in Haminoeidae) as a synapomorphy. Gosliner (1978) defined the

same clade as Ghiselin, but added ridged gizzard plates and an elaborated

mucus gland to the list of presumed synapomorphies.

In spite of these three attempts to redefine cephalaspids based on new
data, most apparent synapomorphies for the few consistent groups are

associated with diet, e.g., the «traditional» radulae and gizzard plates.

Separate carnivorous and herbivorous lineages of cephalaspids were also

advocated by Guiart (1901), Pruvot-Fol (1954), Ghiselin (1966), Rudman
(1971), Kandel (1979), and Salvini-Plawen (1988), Haszprunar (1985) used

herbivory and the resultant plate-bearing anterior gizzard as synapomor-

phies of his superorder Tectibranchia (=Cephalaspidea, plus others). And
Jensen (1991: 149) has acknowledged a number of alimentary characters

as phylogenetically informative within the closely-related Sacoglossa

(=Ascoglossa) in spite of «many specializations to specific diets». These

observations support the belief of T.E. Thompson (1976) that dietary needs

formed the driving force behind the succesful radiation of opisthobranchs.

However, several authors have cautioned against the use of alimentary

characters at higher taxonomic levels. Haszprunar (1985) implicated con-

vergence through herbivory for the presence of a muscular stomach in two
groups of non-tectibranch heterobranchs. Brace (1977b: 51) noted «con-

siderable anatomical similarity» in the alimentary systems of herbivorous

cephalaspids and pulmonates. The «plasticity» of gastropod radulae in re-

sponse to prey structure or habitat was summarized for prosobranchs by
Kool (1987). Salvini-Plawen & Haszprunar (1987) expressed the general

opinion that characters of the gastropod digestive system are correlated

more with diet than phylogeny (although useful characters were found in

configuration of the esophagus). As previously mentioned, congruence of

radular/gizzard plate morphology with diet has been noted in a prelimi-

nary survey of cephalaspids (Mikkelsen, 1989, 1990). While diet-related

morphology may reflect phylogenetic relationship in a well-defined spe-

cialist group as the Sacoglossa, the probability of homoplasy is undoubted-
ly higher for the much larger and ill-defined Cephalaspidea.

Possible New Taxonomic Characters

From the literature, several suggestions may be immediately put forth

as potentially useful characters worthy of serious investigation: (1)

karyotype (discussed above); (2) cellular morphologies within the repro-

ductive tract (Ghiselin, 1966), e.g.: (a) ciliated strips in the ampullae of

Acteonidae and nudibranchs which serve to bypass eggs around stored

autosperm, and (b) secretory cells of unknown function noted in the coelo-

mic gonoduct of philinoideans; (3) sperm ulstrastructure and sper-

miogenesis, studied in only a few cephalaspids (Thompson, 1973; Healy,

1982b), but proven informative in other heterobranch groups (Healy,

1982a, 1988a, b; Healy & Willan, 1991); (4) structure of spermatophores,
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reported in Haminoea and Runcina (Ghiselin, 1966); (5) fine structure of

osphradia (Haszprunar, 1986, 1988, and pers.comm.) and Hancock's organ;

(6) stomach structure; (7) muscular arrangements of the gizzard or buccal

mass (Gosliner & Ghiselin, 1984); and (8) details of the nerve ring com-
plex (Huber, 1987). Some of these data are already accessible or under
study, but so far, no synthesis is available.

The complete resolution of problematic cases such as this may ulti-

mately require the use of physiological, biochemical, and/or molecular

data. At this taxonomic level, the most appropriate molecular method is

currently gene sequencing, with the DNAmolecule generally the preferred

source (Hillis, 1987; Hillis & Moritz, 1990: table 1). Unfortunately at the

present time, these sophisticated techniques are fraught with technical dif-

ficulties in mucus-laden mollusks and have not been routinely applied to

phylogenetic studies. Attesting to this, the first molecular (RNA-based)
phylogenies involving gastropods have only recently been published

(Emberton, et al, 1990; Tillier, et al, 1992; summarized by Bieler, 1992).

Even when molecular and other novel characters can be practically em-
ployed, these do not supersede morphological characters. Biochemical and
molecular data are not immune from the effects of homoplasy (Ghiselin,

1988; Murphy, 1988; Swofford & Olsen, 1990), and a sound morphology-
based phylogeny must be available upon which to intelligently interpret

results derived from other sources. Morphology is also critical to the mol-

luscan systematist for the inclusion of imperfectly-known, rare and fossil

taxa in the dataset. An integrated approach utilizing as many types of data

as possible should ultimately provide the best resolution.

Conclusions

The chronic confusion in cephalaspid systematics is a direct reflection

of the persistent use of traditional characters, which are implicated in a

variety of problems and have been thus far unable to demonstrate rela-

tionships. Successful resolution of the phylogeny of these and other «lower

heterobranchs» will require (1) critical reevaluation of morphology to de-

termine an improved set of taxonomically informative, homologous char-

acters (irregardless of previous claims of homoplasy), and (2) looking

beyond morphology to explore the use of innovative, non-traditional char-

acters. Only thorough a through cladistic analysis can suspected parallel-

isms be confirmed and morphyletic clades identified.
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